
I 

PROPERTIES AND COMPOSITION OF J E T  FUELS 
DERIVED FROM ALTERNATE ENERGY SOURCES 
PART I. BACKGROUND AND E-ALKANE CONTENT 

ROBERT N .  HAZLETT AND JAMES M. HALL 

Naval Research Laboratory 
Washington, D. C.  20375 

JEFFREY SOLASH 

Naval A i r  Propuls ion Tes t  Center  
Trenton, New J e r s e y  08628 

INTRODUCTION 

In t h e  c u r r e n t  climate of dwindling domestic product ion  of petroleum, increased  
import ing of petroleum, p o t e n t i a l  o i l  embargoes, and e s c a l a t i n g  p r i c e s ,  t h e  
Department of Defense has  begun s i g n i f i c a n t  new f u e l s  programs. 
eva lua t ing  t h e  m i l i t a r y  p o t e n t i a l  of l i q u i d  t r a n s p o r t a t i o n  f l u i d s  d e r i v e d  from 
a l t e r n a t e  f o s s i l  f u e l s  - s h a l e  o i l ,  t a r  sands and c o a l .  Of major import  t o  t h e  U.S. 
Navy are f u e l s  used p r i m a r i l y  f o r  a i r c r a f t  p ropuls ion ,  JP-5, and s h i p  propuls ion ,  
Diesel Fuel  Marine. The d iscuss ion  i n  t h i s  paper  w i l l  be l i m i t e d  t o  t h e  former, j e t  
f u e l  f o r  naval  a i r c r a f t .  I t  should be noted however, t h a t  JP-5 i s  sometimes used a s  
a s u b s t i t u t e  s h i p  propuls ion  f u e l .  

CRITICAL PROPERTIES OF J E T  FUEL . 

These programs are 

JP-5 must meet many s t r i n g e n t  requirements  i f  s a t i s f a c t o r y  performance i n  a i r -  
c r a f t  and f u e l  handl ing and s t o r a g e  systems i s  t o  be a t t a i n e d  (1). I n  cons ider ing  
JP-5 der ived from a l t e r n a t e  f o s s i l  f u e l s ,  s e v e r a l  c r i t i c a l  p r o p e r t i e s  s t a n d  out .  
With one o r  two except ions ,  t h e s e  key p r o p e r t i e s  a r e  a f f e c t e d  more by t h e  chemical 
c h a r a c t e r i s t i c s  of t h e  f u e l  than  by t h e  p h y s i c a l  p r o p e r t i e s .  The important  spec i -  
f i c a t i o n  requirements  may b e  pr imar i ly  c o n t r o l l e d  by elemental  composi t ion,  t h e  
amounts of each of t h e  hydrocarbon c l a s s e s  - p a r a f f i n ,  naphthene, a romat ic ,  o l e f i n  - 
o r  by s p e c i f i c  chemical compounds. 
below. 

The c r i t i ca l  p r o p e r t i e s  a r e  d iscussed  b r i e f l y  

A. Heat of Combustion - This  proper ty  d i r e c t l y  c o n t r o l s  t h e  range of a j e t  
a i r c r a f t  and i t  i s  d e s i r a b l e  t o  maximize t h e  va lue .  Hydrocarbon f u e l s  which a r e  
l i q u i d  a t  ambient temperatures  have n e t  h e a t i n g  v a l u e s  between 16,000 and 20,000 
BTU/lb and t h e  minimum s p e c i f i c a t i o n  l i m i t  f o r  JP-5 i s  18,300 BTU/lb (1). M a r t e l l  
and Angello have shown t h a t  t h e  hea t  of  combustion f o r  j e t  f u e l s  i n c r e a s e l i n e a r l y  
wi th  hydrogen content  ( 2 ) .  The amounts of n i t r o g e n  and oxygen i n  j e t  f u e l  a r e  neg- 
l i g i b l e  with r e s p e c t  t o  hea t  of combustion and t h e  v a r i a t i o n  of  s u l f u r  i n  t h e  
al lowable range of 0.0 t o  0.4% would exert a maximum e f f e c t  of 40 BTU/lb. 

B. Freezing Poin t  - Jet a i r c r a f t  a r e  exposed t o  low temperatures  and t h e  f u e l s  
must no t  i n t e r f e r e  wi th  f l y i n g  opera t ions  by f r e e z i n g  and plugging f i l t e r s .  Com- 
merc ia l  j e t  f u e l  ( J e t  A) has  a s p e c i f i c a t i o n  requirement  of -400Fmaximum but  t h a t  f o r  
m i l i t a r y  f u e l s  is lower. 
world wide a s  w e l l  as a t  h igher  a l t i t u d e s  than  commercial jets. U.S. A i r  Force 
bombers r e q u i r e  an even lower f r e e z i n g  p o i n t ,  -7pFmaximum, s i n c e  long f l i g h t s  a t  
high a l t i t u d e s  permit  t h e  f u e l  to reach lower temperatures .  I t  has  not  been p r a c t i -  
c a l  t o  make JP-5 from some petroleum crudes  because t h e  f r e e z i n g  p o i n t  cannot be m e t  
a long with t h e  requi red  f l a s h  poin t .  Dimitroff  e t  a1 (3) examined t h e  i n f l u e n c e  of 
composition on f r e e z i n g  poin t  of s e v e r a l  types  of f u e l s .  They found t h e  s a t u r a t e  
f r a c t i o n  of a f u e l  u s u a l l y  exer ted  t h e  g r e a t e s t  e f f e c t  on f r e e z i n g  p o i n t  bu t  t h e  
aromatic  f r a c t i o n  seemed t o  be important  i n  some cases. 

JP-5 must f r e e z e  below -51'F because t h e  Navy je t s  o p e r a t e  
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c. Flash  P o i n t  - The Navy r e q u i r e s  a h igh  f l a s h  p o i n t  f o r  a l l  f u e l s  c a r r i e d  
onboard s h i p s  except  f o r  a s m a l l  amount of a v i a t i o n  g a s o l i n e  which i s  c a r r i e d  on 
some a i r c r a f t  carriers. The Avgas i s  s t o r e d  i n  a n  armored box i n  t h e  c e n t e r  of the 
c a r r i e r  and a i r / f u e l  vapors  a r e  minimized i n  t h e  s t o r a g e  tanks  by using a water dis- 
placement system. JP-5, which is s t o r e d  i n  t h e  wing tanks  ( f l u s h  wi th  t h e  h u l l ) ,  
h a s  a minimum f l a s h  p o i n t  of 140°F i n  order  t o  reduce t h e  hazard from t h i s  and other  
exposure s i t u a t i o n s .  
t h e  q u a n t i t y  and v o l a t i l i t y  of t h e  f r o n t  ends (4) .  
mabi l i ty  p r o p e r t i e s  of  some a l t e r n a t e  j e t  f u e l s  i s  considered i n  another  paper a t  
t h i s  Symposium ( 5 ) .  

The f l a s h  p o i n t  of a mixture  such  as a f u e l  i s  cont ro l led  by 
The f l a s h  p o i n t  and o t h e r  flam- 

D. Combustion P r o p e r t i e s  - J e t  engines  g i v e  high combustion e f f i c i e n c i e s  (98- 
100%) f o r  conversion o f  f u e l  t o  C02 and H20. 
be  d e f i c i e n t  under such  condi t ions ,  however. Flame r a d i a t i o n  t o  t h e  combustor wal ls  
can raise t h e  temperature  of t h e  w a l l s  above d e s i r e d  l e v e l s  ( 6 , 7 ) .  Soot depos i t ion  
can a l s o  a f f e c t  combustor w a l l  temperatures .  Smoke i n  t h e  exhaust  must be control led 
both f o r  m i l i t a r y  and environmental  reasons .  

Other combustion c h a r a c t e r i s t i c s  can 

The flame r a d i a t i o n ,  s o o t  d e p o s i t i o n ,  and smoke product ion may b e  c l o s e l y  re- 
l a t e d  chemically. 
a simple wick burning test ,  the smoke p o i n t ,  or a s l i g h t l y  more complicated burner 
tes t ,  the  luminometer number. The minimum smoke p o i n t  f o r  JP-5 i s  19 mm and t h e  
minimum luminometer number is 50. 

These t h r e e  p r o p e r t i e s  of a j e t  f u e l  a r e  c o n t r o l l e d  by passing 

A secondary c o n t r o l  on combustion p r o p e r t i e s  is obtained by l i m i t i n g  t h e  aro- 
matic content  t o  25% (1). Condensed polynuclear  a romat ics  a r e  s i g n i f i c a n t l y  more 
de t r imenta l  t o  smoke p o i n t  than  monocyclics (8). 

E .  Thermal Oxidat ion S t a b i l i t y  - Jet  f u e l  c o o l s  s e v e r a l  systems i n  a je t  air- 
c r a f t .  
f o r  a i r c r a f t  f l y i n g  f a s t e r  than  Mach 2.2, t h e  s t r u c t u r e  must a l s o  be cooled. The 
a b i l i t y  of a f u e l  t o  wi ths tand  t h i s  thermal  stress is t h e  most cri t ical  f u e l  prop- 
e r t y  f o r  h igh  speed a i r c r a f t  ( 9 ) .  

In a subsonic  p l a n e ,  t h e  major h e a t  load  comes from t h e  engine l u b r i c a n t  but 

Degradation of t h e  f u e l  is  s t i m u l a t e d  by t h e  d isso lved  oxygen p r e s e n t  i n  
equi l ibr ium wi th  a i r  (50-70 mg/l) .  Poor f u e l s  form s o l i d s  which c o a t  h e a t  exchanger 
sur faces  and/or plug combustor nozz les .  
es t imates  t h e s e  two p r o p e r t i e s  by examining v a r n i s h  formation on a heated metal tube 
and measuring t h e  p r e s s u r e  drop through a f i 1 t e r . A  s a t i s f a c t o r y  f u e l  passes  a '2 1 / 2  
hr  t e s t  a t  500OF. 

The Jet Fuel  Thermal Oxidat ion Tester 

L i t t l e  research  h a s  been repor ted  on t h e  e f f e c t  of  chemical s t r u c t u r e  on ther-  
mal ox ida t ion  s t a b i l i t y  a t  500°F but  Taylor  has  r e p o r t e d  on  tests i n  t h e  200-400'F 
temperature range.  H e  found t h a t  o l e f i n s ,  p a r t i c u l a r l y  m u l t i f u n c t i o n a l  ones,  in- 
creased d e p o s i t  format ion  (10). A t  275'F, 10 w t  % indene i n  decane increase ldepos i t  
formation 39-fold but  some o t h e r  a romat ics  decreased t h e  d e p o s i t  rate. Some su l f ides  
and d i s u l f i d e s  enhance d e p o s i t  formation a t  c o n c e n t r a t i o n s  a s  low a s  1000 ppm sul- 
f u r  (11) and n i t r o g e n  compounds a l s o  p a r t i c i p a t e  i n  d e p o s i t  formation (12). 

F. Gum Formation - The low temperature  s t a b i l i t y  of JP-5 i s  es t imated  by t h e  
Exis ten t  Gum T e s t .  
Schwartz e t  al .  have found f o r  g a s o l i n e  t h a t  s u l f u r  compounds a r e  t h e  most s i g n i f i -  
c a n t  p a r t i c i p a n t s  i n  gum formation b u t  t h a t  n i t r o g e n  compounds, indanes,  t e t r a l i n s  
and o l e f i n s  are a l s o  involved (13) .  

PROPERTIES OF ALTERNATE JET FUELS 

A maximum of 7 .0  mg/100 m l  gum is  allowed i n  t h i s  test. 

Jet f u e l s  made from o i l  s h a l e ,  tar sands and c o a l  were examined i n  t h i s  study. 
b r i e f  o u t l i n e  of t h e  processes  involved i n  product ion  of t h e  f u e l s  are l i s t e d  i n  A 
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Table I. 
another  paper i n  t h i s  symposium (14) and i n  t h e  r e f e r e n c e s  c i t e d  i n  Table  I. 

Fur ther  in format ion  on processing and f u e l  p r o p e r t i e s  can be  found i n  

Table  I1 lists t h e  p r o p e r t i e s  of t h e  f u e l s  p e r t i n e n t  t o  t h i s  paper .  The 
Laramie Energy Research Center i n - s i t u  s h a l e  f u e l s  were not  produced t o  meet t h e  
JP-5 specs  but  had a b o i l i n g  range (350-550OF) s i m i l a r  t o  JP-5. S ince  only l i m i t e d  
amounts Of the  LERC samples were a v a i l a b l e ,  complete s p e c i f i c a t i o n  tests were n o t  
run.  The d iscuss ion  which fo l lows  compares, where p o s s i b l e ,  t h e  a l t e r n a t e  f u e l  pro- 
p e r t i e s  wi th  petroleum j e t  f u e l  p r o p e r t i e s  taken from t h e  l i t e r a t u r e .  The e f f e c t  of 
composition on p r o p e r t i e s  is a l s o  descr ibed .  

A .  Heat of Combustion - The h e a t  of combustion of a l t e r n a t e  f u e l s  i s  p l o t t e d  i n  
Figure 1 versus percent  hydrogen. The graph shows d a t a  f o r  t h e  f i v e  COED, t h e  tar 
sand, and the  Paraho s h a l e  o i l  f u e l s .  The l i n e  on t h i s  graph i s  curve D i n  F igure  
3 Of re ference  (2) and i s  based on 41 j e t  f u e l s  der ived from petroleum. The alter- 
n a t e  f u e l  d a t a  f i t  t h e  curve very  w e l l .  The t h r e e  COED f u e l s  wi th  h i g h  aromatic  
conten ts  f a l l  t o  t h e  l e f t .  COED-1 and COED-5 f a l l  s l i g h t l y  below t h e  JP-5 requi re -  
ment of 18,300 BTU/lb. Decreasing t h e  aromatic  conten t  from about  25% t o  5% (COED-1 
t o  COED-3 o r  COED-2 t o  COED-4) i n c r e a s e s  t h e  h e a t  of  combustion about  90 BTU/lb. The 
t a r  sands and Paraho s h a l e  f u e l s  have h igher  h e a t i n g  v a l u e s  than t h e  COED samples with 
s i m i l a r  aromatic  c o n t e n t s .  We f e e l  t h i s  i s  due t o  a h i g h  naphthene conten t  i n  t h e  
coa l  f u e l s ,  an expected consequence of  hydrogenat ion of t h e  h i g h l y  a romat ic  syncrude 
obtained by c o a l  p y r o l y s i s  (21) .  

B. Freezing P o i n t j F l a s h  P o i n t  - Most of t h e  a l t e r n a t e  f u e l  samples m e t  t h e  
The f l a s h  poin t  can b e  changed u s u a l l y  by t h e  f l a s h  p o i n t  requirement  f o r  JP-5. 

adjustment of t h e  i n i t i a l  b o i l i n g  poin t .  The f r e e z i n g  poin t  of s e v e r a l  of t h e  
a l t e r n a t e  j e t  f u e l s  was too h igh ,  however. 
s h i p s  f o r  t h e  f i v e  COED (C-1 t o  C-5), tar sands (TS), and Paraho s h a l e  o i l  (OS) a r e  
depic ted  i n  Figure 2. No c o n s i s t e n t  p a t t e r n  i s  evident  f o r  t h e s e  f u e l s .  

The f r e e z i n g  p o i n t / f l a s h  poin t  r e l a t i o n -  

For comparison, t h e  p r o p e r t i e s  of 29 petroleum der ived  j e t  f u e l s  a r e  a l s o  shown 
on the  graph. These l a t t e r  f u e l s ,  which were p a r t  of t h e  Coordinat ing Research 
Council (CRC)-Air Force (AF) f u e l  bank (22) ,  d i d  not  m e e t  a l l  s p e c i f i c a t i o n s  i n  some 
cases .  Examination of t h e  CRC f u e l s  i s  u s e f u l ,  however, t o  see t h e  wide range i n  
f reez ing  poin ts  encountered f o r  f u e l s  with s i m i l a r  f l a s h  p o i n t s .  I n  F igure  2 ,  t h e  
d isp lay  i s  s i m p l i f i e d  by grouping t h e  f u e l s  by 10°F i n t e r v a l s  f o r  f l a s h  p o i n t .  A s  
an example, f o u r  petroleum der ived  f u e l s  had f l a s h  p o i n t s  between 161 and 17O0F. 
f r e e z i n g  p o i n t s  f o r  t h e s e  same f u e l s  were -26, -32, -62 and <-76OF. One a l t e r n a t e  
f u e l  sample, COED-3 had a f l a s h  poin t  i n  t h i s  range and i t  had a f r e e z i n g  poin t  of  
-58'F. 

The 

It i s  noteworthy t h a t  COED-2 and COED-4, bo th  produced from Utah c o a l ,  had 
higher  f r e e z i n g  p o i n t s  than  t h e  COED f u e l s  made from Western Kentucky c o a l .  This  
was the  case even though COED'S 1 through 4 had s i m i l a r  d i s t i l l a t i o n  ranges.  The 
Paraho s h a l e  o i l  sample was f a r  above t h e  JP-5 f u e l  f r e e z i n g  p o i n t  spec  of -51'F. 
The LERC i n - s i t u  s h a l e  samples a l s o  had very  high f r e e z i n g  p o i n t s ,  -16OF f o r  t h e  
m u l t i s t e p  product and - 15'F f o r  t h e  s i n g l e  s t e p  m a t e r i a l .  F lash  p o i n t s  were n o t  
a v a i l a b l e  f o r  t h e s e  two s h a l e  f u e l s .  

c. Combustion P r o p e r t i e s  - The smoke p o i n t s  of  s e v e r a l  a l t e r n a t e  j e t  f u e l s  a r e  
displayed i n  F igure  3 a s  a f u n c t i o n  of a romat ics  c o n t e n t .  
p resents  t h e  smoke poin t  VS. % aromatic  r e l a t i o n s h i p  f o r  29 CRC-AF petroleum-derived 
f u e l s  (22). The g e n e r a l  c o n t r o l  of smoke p o i n t  by aromatic  conten t  i s  apparent  bo th  
f o r  the  petroleum-derived and t h e  a l t e r n a t e  f u e l s .  
conten ts  e x h i b i t  low smoke p o i n t s ,  however, and do not  f i t  t h e  primary r e l a t i o n s h i p .  
The four  petroleum f u e l s  which show t h i s  behavior  possess  high naphthene c o n t e n t ,  
80% o r  higher .  
(3000 ps ig  to  a f f o r d  a low aromat ic  conten t )  of a h i g h l y  aromatic  syncrude (21 ) ,  

I n  a d d i t i o n ,  t h i s  graph 

Some f u e l s  wi th  low aromatic  

COED-3 and COED-&, which have been der ived by s e v e r e  hydrogenat ion 

221 



should a l s o  c o n t a i n  h igh  concent ra t ions  of naphthenes.  Hence, t h e  anomalous 
smoke poin t  behavior  shown, both by a l t e r n a t e  and petroleum-derived jet  f u e l s ,  can 
be  explained on t h e  b a s i s  t h a t  naphthenes i n f l u e n c e  t h i s  proper ty  i f  t h e  aromatic 
content  is low. 

Smith (23) has  suggested a formula f o r  c a l c u l a t i n g  t h e  smoke p o i n t  of  kerosenes 
based on p a r a f f i n ,  naphthene and aromat ic  conten t  b u t  it is not  u s e f u l  f o r  t h e  f u e l s  
discussed i n  t h i s  paper .  
adequate  f o r  combustion c o n s i d e r a t i o n s .  
benzene o r  naphthalene would g ive  about  t h e  s a m e  a romat ic  concent ra t ion  by t h e  speci- 
f i c a t i o n  test b u t  t h e  l a t t e r  compound would have a much g r e a t e r  e f f e c t  on t h e  smoke 
p o i n t .  

The broad d e f i n i t i o n  of aromatic  and naphthene is not 
For i n s t a n c e ,  one mole / l  of e i t h e r  butyl  

D. S t a b i l i t y  - The thermal  o x i d a t i o n  s t a b i l i t y  and gum forming tendencies  of 
t h e  a l t e r n a t e  f u e l s  are l i s t e d  i n  Table  11. COED-1 and COED-5 f a i l  t h e  500°F ther- 
m a l  s t a b i l i t y  test b y  s l i g h t  amounts bu t  t h e  Paraho s h a l e  o i l  m a t e r i a l  f a i l s  by 50°F. 
Fur ther ,  t h i s  s h a l e  o i l  is t h e  only f u e l  t o  f a i l  t h e  e x i s t e n t  gum requirement  of 
7 mg/100 m l .  
w e l l  below t h e  0.4% s p e c i f i c a t i o n  l i m i t .  Although j e t  f u e l  has  no l i m i t  on n i t rogen ,  
t h e  s h a l e  f u e l  is much h igher  i n  n i t r o g e n  than  t h e  o t h e r  a l t e r n a t e  and petroleum j e t  'a 
f u e l s .  

The s u l f u r  conten t  of a l l  of t h e  a l t e r n a t e  f u e l s  i s  about  t h e  same and 

'I 
'E 

Clay f i l t r a t i v n  of Che s h a l e  j e t  f u e l  r a i s e d  t h e  breakpoinr: f o r  chermai oxi- 
d a t i o n  s t a b i l i t y  t o  475OF b u t  t h e  e x i s t e n t  gum remained high,  64 mg/100 m l ,  as 
d i d  the n i t rogen .  Acid t rea tment  (e2  I b  98% H SO / b b l )  reduced t h e  b a s i c  ni t rogen 
t o  zero, enabled t h e  thermal  s t a b i l i t y  requirement  t o  be m e t  b u t  d i d  n o t  g r e a t l y  im- 
prove t h e  gum formation.  D i s t i l l a t i o n  t o  a 90% recovery gave a product  which passed 
both  thermal s t a b i l i t y  and gum (1.2 mg/lOO m l )  tests. Basic  n i t r o g e n  remained high, 
however. These r e s u l t s  do n o t  d e l i n e a t e  t h e  r o l e  of n i t r o g e n  i n  f u e l  s t a b i l i t y  and 
a d d i t i o n a l  work w i l l  be needed t o  c l a r i f y  t h e  s t a b i l i t y  behavior  of s h a l e  f u e l s .  

2 4  

It is noteworthy t h a t  s e v e r e  hydrogenat ion t o  reduce  t h e  aromatic  conten t  of 
c o a l  l i q u i d s  (COED-1 t o  3 and COED-2 t o  4 )  s i g n i f i c a n t l y  improved t h e  thermal  oxi- 
d a t i o n  s t a b i l i t y  ( t o  >700°F). 

E. n-Alkane Content - Since  ?-alkanes are l i k e l y  t o  be r e l a t e d  t o  t h e  high 
f r e e z i n g  p o i n t s  of some of t h e  a l t e r n a t e  f u e l s ,  the concent ra t ion  of t h e s e  compounds 
w a s  determined. 

The s a t u r a t e  f r a c t i o n s  w e r e  separa ted  from t h e  a romat ics  by pentane e l a t i o n  from 
a c t i v a t e d  s i l i c a  g e l  (Davison Grade 923) .  Each s a t u r a t e  f r a c t i o n  was then  analyzed 
by gas chromatography (GC) on a 300 f t .  Apiezon L c a p i l l a r y  column a t  14OOC. A 
sample of  0 .1  m i c r o l i t e r  w a s  s p l i t  1OO:l ahead of t h e  column and t h e  helium f lowrate  
through t h e  column w a s  1.0 cc/min. This  column, when operated under t h e  described 
condi t ions ,  had a n  e f f i c i e n c y  of 184,000 t h e o r e t i c a l  p l a t e s  f o r  E-tetradecane.  
known amount (5.0 w t  %) of E-octane was added as an i n t e r n a l  s tandard  and t h e  weight 
% of each E-alkane w a s  c a l c u l a t e d  by comparing e l e c t r o n i c  i n t e g r a t o r  counts  t o  the 
octane count .  
5982 GC-MS system u s i n g  a 100 f t .  OV-101 support  coated open t u b u l a r  column - temp- 
e r a t u r e  programmed from 100 t o  16OOC and w i t h  a helium f l o w r a t e  of 3 cc/min. Corro- 
bora t ing  i d e n t i f i c a t i o n  came from matching GC r e t e n t i o n  times f o r  f u e l  components 
on t h e  Apiezon L column wi th  s t a n d a r d s  on t h e  same column. 

A 

I d e n t i f i c a t i o n  of t h e  ?-alkane peaks w a s  made on a Hewlett-Packard 

'I 
The ?-alkanes were t h e  major peaks i n  most of t h e  s a t u r a t e  f r a c t i o n s .  The 

- n-alkanes from nonane t o  hexadecane were found i n  most of t h e  a l t e r n a t e  f u e l s .  In 
a d d i t i o n ,  smal l  amounts of E-heptadecane were found i n  t h e  s h a l e  f u e l s .  
- n-alkane c o n c e n t r a t i o n s  a r e  l i s t e d  i n  Table 111. 
f u e l s  decreases  i n  t h e  o r d e r :  Paraho s h a l e ,  LERC s h a l e s ,  petroleum, t a r  sands,  
Utah COED'S, W .  Ky. COED's .  

,a 
The 

The sum of t h e  n-alkanes i n  the 

This  o r d e r  ho lds  f o r  i n d i v i d u a l  E-alkanes i n  t h e  middle 
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of t h e  d i s t i l l a t i o n  range - C 12, C13.and C 
compounds because of d i f f e r e n c e s  i n  I n i t i a l  b o i l i n g  poin t  o r  end p o i n t .  

- but  v a r i e s  f o r  smal le r  o r  l a r g e r  

The t o t a l  2-alkane concent ra t ion  does n o t  a f f o r d  a s i g n i f i c a n t  r e l a t i o n s h i p  
wi th  f r e e z i n g  p o i n t .  
amount of the  l a r g e r  hydrocarbons p r e s e n t  i n  f u e l  samples. 
- n-hexadecane i n  F igure  4 .  The l o g  ( X  C16) v s .  t h e  r e c i p r o c a l  f r e e z e  p o i n t  of  t h e  
11 f u e l s  l i s t e d  i n  Table  11 i n d i c a t e s  a reasonable  adherence t o  a s o l u b i l i t y  p l o t .  
This  i s  remarkable i n  view of t h e  d i f f e r e n t  d i s t i l l a t i o n  ranges ,  t h e  v a r i a t i o n  i n  
aromatic/naphthene c o n t e n t s ,  and t h e  n e g l e c t  of o t h e r  %-alkanes i n  t h i s  cons idera t ion .  

The percent  

However, t h e  f r e e z i n g  poin t  does show some dependence on t h e  
This  i s  i l l u s t r a t e d  f o r  

The Paraho j e t  f u e l  was t r e a t e d  w i t h  urea  t o  remove :-alkanes (24) .  
of t h e  2-alkanes removed by t h i s  process  and t h e  amount remaining i n  t h e  f u e l  a r e  
shown i n  Table I V .  
moved. 
was 98% 2-alkanes wi th  t h e  remainder be ing  i d e n t i f i e d  by GC-MS a s  most ly  2-methyl 
a lkanes  and 1-alkenes.  The s t r i p p e d  sample wi th  a n  2-C16 conten t  of 0.17%, had a 
f r e e z i n g  poin t  of -54'F which p laces  i t  c l o s e  t o  t h e  curve in Figure  4. 

DISCUSSION 

Overa l l ,  47% of t h e  2-alkanes (17% of t h e  t o t a l  f u e l )  were re- 
The removed material The percent  removed increased  wi th  molecular  weight. 

S u i t a b l e  j e t  f u e l s  can be made from any of t h e  a l t e r n a t e  energy s o u r c e s  - o i l  
s h a l e ,  t a r  sands o r  c o a l .  However, r e f i n i n g  processes  may have t o  b e  modif ied from 
those  used wi th  petroleum crude andjprocessing condi t ions  may have t o  be  more s e v e r e ,  
p a r t i c u l a r l y  f o r  o i l  s h a l e  and c o a l  l i q u i d s .  
and c o a l  a r e  c l o s e r  i n  p r o p e r t i e s  t o  t h e  lower API g r a v i t y  petroleum crudes ,  hydro- 
cracking and delayed coking w i l l  be used ex tens ive ly  i n  producing m i l i t a r y  f u e l s  from 
these  a l t e r n a t e  sources .  

S ince  crudes from o i l  s h a l e ,  t a r  sands  

The j e t  f u e l  p r o p e r t i e s  which a r e  of g r e a t e s t  concern wi th  t h e  new f u e l s  are 
t h e  f r e e z i n g  p o i n t ,  combustion p r o p e r t i e s ,  and s t a b i l i t y ,  bo th  thermal  o x i d a t i v e  
and s torage .  Addi t iona l  understanding i s  r e q u i r e d  on t h e  e f f e c t  of composi t ion on 
t h e s e  p r o p e r t i e s .  Development of such informat ion  w i l l  a i d  i n  s e l e c t i n g  o r  modi- 
fy ing  r e f i n i n g  processes  t o  produce s u i t a b l e  f u e l s  a t  reasonable  c o s t s .  
t o  remove n i t rogen  from s h a l e  o i l  and t o  convert  $-alkanes t o  lower f r e e z i n g  com- 
pounds are needed. 
conversion of c o a l  l i q u i d s  t o  j e t  f u e l s  wi th  s a t i s f a c t o r y  h e a t s  of combustion. 

Techniques 

Cheaper hydrogenation processes  must be developed f o r  economical 

The high concent ra t ions  of g-alkanes found i n  t h e  s h a l e  o i l  samples a f f o r d s  
This  in format ion  i n d i c a t e s  c l u e s  on t h e  n a t u r e  of t h e  o r g a n i c  m a t e r i a l  i n  s h a l e .  

t h a t  o i l  s h a l e  c o n t a i n s  many long,  s t r a i g h t  cha in  components. 
s t r e s s e d ,  a s  i n  r e t o r t i n g  o r  coking, such c o n s t i t u e n t s  would y i e l d  smaller fragments 
which would a l s o  have s t r a i g h t  cha ins  (25) .  The major products  would be  ?-alkanes 
and 1-alkenes.  S ince  t h e  lat ter hydrogenate t o  t h e  former, n-alkane c o n c e n t r a t i o n  
could be cons iderable .  
t h i s  work were high i n  ?-alkanes. 
r e f i n i n g  and hydrogenation processes .  

When thermal ly  

It is  i n t e r e s t i n g  t h a t  t h e  t h r e e  s h a i e  j e t  f u e l s  s tud ied  i n  
This  i s  i n  s p i t e  of d i f f e r e n c e s  i n  product ion ,  

Work w i l l  cont inue  i n  r e l a t i n g  composition t o  p r o p e r t i e s  of t h e  a l t e r n a t e  jet  
f u e l s .  This  w i l l  i n c l u d e  a t t e n t i o n  t o  non-spec i f ica t ion  p r o p e r t i e s  and those  pro- 
p e r t i e s  which may be i n h e r e n t l y  d i f f e r e n t  due t o  t h e  o r i g i n  of t h e  base  s tock .  
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